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Introduction: Patients with chronic kid-
ney disease (CKD) when subjected to 
resistance exercise (RE) show substantial 
improvements in many functions, espe-
cially those related to the cardiovascular 
system, respiratory, muscular and qual-
ity of life (QOL). There are no evalua-
tions of the impact of exercise simple and 
feasible in patients with CKD associated 
with Diabetes Mellitus (DM) during the 
intradialytic period. Thus, patients with 
CKD and submit to the DM + RE dur-
ing hemodialysis. Objective: To study the 
role of resistance exercise in the treatment 
and quality of life in patients undergoing 
chronic hemodialysis (HD). Methods: 
15 patients in each group: 1: DM with 
CKD and RE; 2: DM + CKD sedentary; 
3: CKD + RE and 4: DRC sedentary. 
They were evaluated during eight weeks, 
with RE three times a week. Parameters: 
Laboratory assessments, muscle strength 
testing (FM) and QV (SF-36). Results: 
RE induced improvement in glucose and 
FM with subtle but significant changes in 
urea, or even in the K (p < 0.0001). It was 
an improvement in the impact assessment 
of QOL parameters (p < 0.001) with the 
RE, such as Functional Capacity, Physi-
cal Aspect, Reduction of Pain (in gen-
eral), General Health, Vitality, Social 
Function, Emotional State and Mental 
Health. Conclusion: The RE program 
(simple and feasible) during intradialytic 
clinical parameters changed FM and a 
significant improvement in QOL assess-
ment were observed. The impact on QOL 
was important for the patient, including 
those involving improvement in level of 
family and social relationships when sub-
jected to RE.
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IntroductIon
Chronic kidney disease (CKD) limits 
functional capacity, leading to cardio-
vascular complications, and endocrine-
metabolic, musculoskeletal, and other 
disorders that affect the quality of life 
(QOL).1 An exercise protocol could lead 
to improvements in many functions, 
such as blood pressure, heart function 
(especially ventricular function in hemo-
dialysis [HD] patients), muscle strength, 
and respiratory capacity, and reduce 
muscle atrophy, with excellent results for 
the QOL.2
Conversely, lack of exercise, even 
in the healthy, albeit sedentary popula-
tion, leads to changes in the QOL and 
a significant increase in early mortality.3 
It has also been considered one of the 
main factors that negatively affect health 
and QOL,4 favoring the onset of chronic 
diseases such as diabetes, heart disease, 
and hypertension, which increases mor-
bimortality rates.5
Resistance exercise (RE) training is 
important in the non-pharmacological 
treatment of diabetes mellitus (DM), 
along with proper diet and medications 
when needed. Although the treatment 
of DM is mainly based on hypoglyce-
mic drug therapy and diet, a program 
of regular physical activity is important 
to obtain additional metabolic stability, 
preventing or minimizing many of the 
more frequent complications.6-9
According to systematic studies, pa-
tients who performed RE showed im-
provements in physical and psychological 
fitness, improving QOL in patients with 
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CKD, and those who exercise while undergoing HD 
showed improvement in their uremic condition.9-11 
The results of the studies showed that exercise per-
formed for 6 months during dialysis increased urea 
removal by 20%.11-13
Mild to moderate-intensity intradialytic RE en-
hances treatment efficiency and helps in the recovery 
of CKD patients since it increases functional capac-
ity, strength, muscular hypertrophy, and power.14,15 
RE improves overall health and physical fitness, and 
it is recommended for all adults to perform at least 
2 days of exercise per week to reduce the risk of de-
generative and cardiovascular diseases.16
In patients with DM, when initiating muscle 
contraction, RE causes the mobilization of glyco-
gen reserves to meet the new energy requirements, 
increasing the uptake of circulating glucose, which 
increases glucose transport, resulting in a reduction 
of hyperglycemia. When performed regularly, exer-
cise also induces an increase in the sensitivity of in-
sulin receptors and in the number of insulin-depen-
dent glucose transporters (GLUT4), with increased 
glucose uptake and efficiency in the selection and 
use of energy sources by activating mitochondrial 
enzymes.17-20
The effects of RE has not been reported in pa-
tients with CKD and DM, and this is the main focus 
of this study since DM is a leading cause of CKD 
requiring renal replacement therapy.
For these reasons and given the increasing cases 
of CKD associated with DM, it becomes important 
to evaluate the improvement of the QOL of DM pa-
tients undergoing HD. The objective of this research 
was to study the role of RE in the treatment and 
QOL of patients undergoing chronic HD.
Methods
Study PrOtOcOl
The sample population consisted of 60 adult vol-
unteer patients, from the Institute of Nephrology 
of Taubaté-São Paulo. All procedures were submit-
ted for approval by the Ethics Committee of the 
Federal University of São Paulo (UNIFESP), number 
580/09. Only patients who agreed to be volunteers 
and signed an informed consent form participated 
in this study.
Patients were selected according to the following 
criteria: patients with CKD and DM type 2 (DM2) 
on dialysis, with > 6 months of dialysis and ages 
between 40 and 75 years for both sexes. Exclusion 
criteria were adopted to homogenize the samples, 
and individuals with the following features were ex-
cluded: limb amputation, congestive heart failure, 
intermittent claudication, angina, sequelae of cere-
brovascular accident, peripheral neuropathies, pa-
tients with kyphosis, and patients who had already 
been performing RE.
To observe the effect of RE, patients were dis-
tributed as follows:
•	 Group 1: Patients with DM2 and CKD on di-
alysis. This group underwent a protocol of 
RE for 8 weeks (DM + CKD + RE, n = 15).
•	 Group 2: Patients with DM2 and CKD on di-
alysis. This group was not subjected to RE 
and are therefore sedentary (DM2 + CKD + 
S, n = 15).
•	 Group 3: Patients without DM2 but with 
CKD of other etiologies on dialysis. This 
group was also subjected to the protocol of 
8 weeks of RE (CKD + RE, n = 15).
•	 Group 4: Patients without DM2 but with 
CKD of other etiologies on dialysis. This 
group was not subjected to RE (sedentary) 
(CKD + S, n = 15).
At the beginning and end of the protocol, the 
following variables were analyzed: creatinine, urea, 
potassium, and fasting glucose levels, as well as the 
efficiency of dialysis by the Kt/V index, analysis of 
quadriceps muscle strength with manual strength 
testing, and QOL by using the questionnaire 
“Medical Outcomes Study 36 (SF36)”, validated for 
the Brazilian population.21
After initial evaluations, the subjects under-
went 8 weeks of monitored RE training, intended 
and adapted for the physical reality of each patient. 
The exercises were conducted at the Institute of 
Nephrology of Taubaté (INEFRO).
The intervention was a program of resistance 
training during HD sessions, 3 times per week for a 
period of 8 weeks. The RE program consisted of a 
phase of passive stretching of the lower limbs, REs 
in major muscle groups, and a relaxing phase. The 
series of RE was composed of 8 exercises, 3 sets of 12 
repetitions working the muscles of the quadriceps, 
hamstrings, adductors and abductors of the lower 
limbs, abdomen, biceps, and shoulder. The load 
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was stipulated in accordance with the test result of 
manual strength, and load evolution was according 
to the method of linear progression, increasing the 
load by 10% after every 6 exercise sessions.
The pre and postexercise blood glucose mea-
surements per session were performed by finger 
prick. Diabetic patients who were in a state of 
hyperglycemia (blood glucose ≥ 250 mg/dL), con-
firmed by testing before the exercise session, were 
subjected only to the relaxing activity. The values 
of creatinine, urea, potassium, glucose, and Kt/V 
were analyzed by testing in the clinical laboratories 
of INEFRO.
StatiStical analySiS
Results are expressed as mean ± standard deviation. 
To compare groups with regard to the difference 
between the pre- and postclinical variables and SF-36 
domains, we used analysis of variance (ANOVA). 
When the assertions of the ANOVA model were not 
satisfactory, we employed the nonparametric Mann-
Whitney test. A significance level of 5% (p ≤ 0.05) 
was also used.
results
We compared the results of CKD patients with 
respect to the studied variables, analyzing the 
differences between the pre and post-training and 
comparing the differences between the groups.
Of the 60 patients studied, 46 (76.7%) were men 
with a mean age of 57.8 ± 8.0 years and 14 were 
women (23.3%) with a mean age of 57.8 years. The 
family income was less than twice the minimum wage 
for 90% of patients. The time in school was < 8 years, 
which corresponds to elementary school for 46.70% 
of the participants. We found that 98% were retired 
owing to disability. The length of time on dialysis 
maintenance ranged from > 6 months to 5 years. We 
found that 30 patients (50%) had DM2 as the main 
comorbidity.
As expected and shown in Table 1, 2 and 3 we 
observed a slight but significant increase in creati-
nine in the groups submitted to RE, suggesting, al-
though not directly measured, that physical activity 
was effective in increasing muscle mass.
We observed a discrete reduction in urea as mea-
sured in predialysis before and after the RE protocol 
(Table 4). The same was observed when postdialysis 
urea was measured (Table 5).
We observed reductions in blood glucose as mea-
sured in predialysis, before and after the RE protocol 
(Table 6), when compared with sedentary groups.
We observed an improvement in muscle strength 
after the RE protocol (Table 7).
We also observed significant improvements in 
QOL variables (Table 8).
dIscussIon
The protocol of 8 weeks of RE during HD resulted 
in significant, although slight, alterations in bio-
chemical parameters. However, they showed no 
clinically important impact on dialysis. There was 
an expected elevation of creatinine with RE, inter-
preted as increased muscle mass, which was not di-
rectly measured. Blood glucose decreased mainly in 
patients with DM; however, it was not enough to 
modify drug therapy as they were no longer under-
going insulin treatment. Discrete (but significant) 
reduction in urea and potassium were observed but 
with no biological impact.
We chose the 8-week protocol because we were 
studying patients with CKD on HD and who also 
have DM2. As these patients have a high degree of 
limitations, some of them could have been lost with 
a longer protocol.
tAble 1 initial and final mean clinical ParameterS  
 (mg/dl) Of the dm + cKd grOuPS with  
 (re) and withOut (S) reSiStance exerciSe
Variables Initial At 8 weeks
Creatinine 8.4 ± 0.2 8.9 ± 0.6
Predialysis urea 126.3 ± 1.3 125.0 ± 2.5
Postdialysis urea 40.7 ± 0.7 41.9 ± 1.7
Potassium 5.4 ± 0.4 5.3 ± 0.4
KT/V 1.4 ± 0.01 1.3 ± 0.01
Glucose 160.2 ± 5.5 140.5 ± 8.5
Hemoglobin 12.7 ± 2.1 12.7 ± 2.2
tAble 2 SmOKing hiStOry in dm + cKd grOuPS  
 with (re) and withOut (S) reSiStance  
 exerciSe
Smoker 15 (14.94%)
Ex-smoker 6 (10.00%)
Non-smoker 39 (65.00%)
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tAble 3 initial and final Serum creatinine (mg/dl) in the dm + cKd grOuPS with (re) and withOut (S)  
 reSiStance exerciSe
Groups DM + CKD + RE CKD + RE DM + CKD + S CKD + S
Initial 8.5 ± 0.1 8.4 ± 0.1 8.6 ± 0.2 8.3 ± 0.04
Final 9.4 ± 0.2* 9.4 ± 0.2* 8.3 ± 0.2 8.2 ± 0.10
Values represent mean ± standard error. * Final vs. Initial, p < 0.0001.
tAble 4 initial and final PredialySiS urea (mg/dl) in the dm + cKd grOuPS with (re) and withOut (S)  
 reSiStance exerciSe
Groups DM + CKD + RE CKD + RE DM + CKD + S CKD + S
Initial 126.7 ± 0.9 125.3 ± 1.1 127.0 ± 1.31 126.05 ± 0.99
Final 124.1 ± 1.2* 122.1 ± 1.2* 127.2 ± 1.78 126.60 ± 1.24
Values represent mean ± standard error. * Final vs. Initial, p < 0.0001.
tAble 5 initial and final increaSe in POStdialySiS urea (mg/dl) in the dm + cKd grOuPS with (re) and  
 withOut (S) reSiStance exerciSe
Groups DM + CKD + RE CKD + RE DM + CKD + S CKD + S
Initial 40.7 ± 0.9 40.8 ± 0.6 40.8 ± 0.84 40.6 ± 0.5
Final 42.8 ± 1.5* 43.6 ± 1.1* 40.7 ± 0.81 40.4 ± 0.5
Values represent mean ± standard error. * Final vs. Initial, p < 0.0001.
tAble 6 initial and final glycemia (mg/dl) in the dm + cKd grOuPS with (re) and withOut (S) reSiStance exerciSe
Groups DM + CKD + RE CKD + RE DM + CKD + S CKD + S
Initial 166.6 ± 1.0 113.0 ± 3.6 162.3 ± 3.7 114 ± 1.9
Final 136.0 ± 4.6* 104.0 ± 5.5* 151.3 ± 7.9 108 ± 3.9
Values represent mean ± standard error. * Final vs. Initial, p < 0.0001.
tAble 7 initial and final muScle Strength, in degreeS, in the dm + cKd grOuPS with (re) and withOut (S)  
 reSiStance exerciSe
Groups DM + CKD + RE CKD + RE DM + CKD + S CKD + S
Initial 2.3 ± 0.5 2.4 ± 0.5 2.3 ± 0.5 2.3 ± 0.5
Final 3.5 ± 0.6* 3.5 ± 0.6 2.3 ± 0.5 2.3 ± 0.5
Values represent mean ± standard error. * Final vs. Initial, p < 0.0001.
tAble 8 initial and final quality Of life (mean Of imPrOvement) in the dm + cKd and cKd with reSiStance  
 exerciSe (re) grOuPS
Variables DM + CKD + RE initial DM + CKD + RE post-training CKD + RE initial CKD + RE post-training
FC 70.61 ± 5.23 84.00 ± 4.50* 72.07 ± 3.54 84.90 ± 7.57*
PA 76.13 ± 3.48 91.47 ± 4.47* 75.60 ± 2.75 84.07 ± 6.51*
PP 52.87 ± 3.07 76.53 ± 12.1* 53.13 ± 4.24 78.07 ± 5.60*
GH 53.07 ± 2.62 62.89 ± 6.43* 54.55 ± 2.83 64.47 ± 6.83*
VIT 69.40 ± 4.60 74.27 ± 5.35* 50.4 ± 3.16 66.07 ± 4.76*
SF 62.73 ± 2.17 72.53 ± 3.52* 50.27 ± 3.26 61.13 ± 4.81*
ES 62.13 ± 2.88 79.33 ± 3.60* 61.29 ± 3.15 80.80 ± 5.91*
MH 72.00 ± 2.98 83.01 ± 4.32* 59.67 ± 4.47 70.13 ± 4.81*
Values represent mean ± standard error. * Final vs. Initial, p < 0.0001. FC: Functional capacity; PA: Physical appearance; PP: Pain perception; 
GH: General health; VIT: Vitality; SF: Social function; ES: Emotional state; MH: Mental health.
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The results of this RE protocol were different 
from those of another study that evaluated 16 pa-
tients who underwent 1 h of exercise a day for 12 
weeks. Eleven of those patients who were undergo-
ing chronic HD showed a significant improvement 
in arterial stiffness. This effect was transient (i.e., 
arterial stiffness values returned to baseline levels 
after 1 month of detraining), which was interpreted 
as being due to a better supply/demand myocardi-
al balance with improved mechanical stress of the 
large arteries.22,23
In another study assessing intradialytic training, 
using a training cycle with ergometers in the first 
2h of each dialysis session, 3 times a week for 6 
months, the subjects showed improvement in phys-
ical function and blood pressure and a reduction in 
blood glucose, which demonstrate the effectiveness 
of a continuous intradialytic exercise program for 
6 months with regard to the improvement of a di-
alysis patient.24
In another study in patients undergoing 12 
weeks of intradialytic training, statistically signifi-
cant improvements in muscle strength of the quad-
riceps and biceps were observed, improving physi-
cal function and vitality and the QOL domains.25 
Longer-duration protocols were used in these sur-
veys, which may explain some differences observed 
when compared with the present protocol.
Although it is widely accepted that exercise is 
beneficial in patients with CKD, improving physical 
functioning in general, including maximal oxygen 
uptake, muscle strength, nutritional and hematolog-
ic status, inflammatory cytokines, and QOL, it is un-
clear whether the benefits of exercise are limited to 
a group of dialysis patients with no DM. Therefore, 
the effects of individualized exercise programs for 
elderly patients or patients with comorbidities must 
be evaluated.26,27
Leehey27 studied the effect of exercise for 24 
weeks on medical treatment in patients with DM2, 
obesity (body mass index, > 30 kg/m2), and CKD. 
These patients performed exercise 3 times a week. 
The exercise training resulted in an increase in 
physical and functional capacity of the patients, 
accompanied by a slight but insignificant decrease 
in systolic blood pressure at rest, and increased 
muscle strength as assessed by static and dynamic 
resistance. The exercise did not alter the rate of 
glomerular filtration.28
Our study used intradialytic RE, which fa-
cilitated adherence, besides screening the patients 
through the assistance of various health profes-
sionals, such as doctors, nurses, nutritionists, and 
psychologists. An RE program would also be ben-
eficial in relation to the acceptance and well-being 
of the patient regarding the treatment, for HD lim-
its, and among other things, for the patient’s social 
and family life, as quite often a person undergoing 
HD develops a derogatory self-perception accom-
panied by depression. It was clear from the obser-
vations that exercise induced an overall psycho-
logical improvement, including the “will to live”, 
leading to positive expectations about the return 
to a productive life. These subjective observations 
were confirmed in the application of the SF36.
Moreover, it has been suggested that high-
intensity RE would require consumption of 
contractile proteins and calcium, and therefore 
this type of exercise would not be recommendable 
because it could potentially compromise recovery. As 
the basal metabolic rate is increased in this situation, 
this requires greater functional reserve. This effect 
can cause the patient to present clinical symptoms of 
anemia, bleeding, increased blood pressure, cramps, 
excitation of the autonomic nervous system, and 
osteodystrophy.29,30
We also observed a substantial improvement in 
QOL in all evaluated parameters, such as function-
al ability, physical appearance, perception of pain, 
general health, vitality, social function, emotional 
status, and mental health. These results indicated 
that the RE program during HD was reliable in 
demonstrating an improved QOL.
The RE program was of low intensity, with low 
loads, and 40% of the maximum resistance, which 
facilitated its realization. For example, patient A.G., 
a 51-year-old man, started training with a 500 g an-
klet on each leg, which is a reduced load for healthy 
men 50 years of age. He gradually gained fitness and 
muscle strength with exercise and could train with a 
2 kg anklet (4-fold increase!) at the end of 8 weeks, 
a fact that surprised the patient, raising his self-es-
teem. Patient J.A., a 58-year-old man, was able to 
return to daily living activities that he thought to 
be untenable, such as playing a musical instrument 
and meeting with friends over the weekend, activi-
ties that had been curbed after he started HD.
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It is striking that, despite this protocol not show-
ing an improvement in biochemical parameters, an 
RE program of only 8 weeks was enough to induce a 
significant improvement in QOL, indicating that the 
exercise protocol, by its simplicity and adherence, 
makes it feasible in any environment where patients 
undergo dialysis sessions.
conclusIon
This assessment suggests that low-intensity RE, 3 
times a week, with 40% of the maximum force, is 
an adjuvant therapy to complement medical and di-
etary treatment in terminal CKD patients. The intra-
dialytic RE program was proved easy to implement 
by the different professional exercise specialists 
working in the HD clinic, and its impact on QOL 
was much higher than expected on the basis of the 
load required, evaluation time, and simplicity.
We therefore suggest that simple and feasible 
exercise programs be developed for patients with 
CKD, including those with DM.
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